Podoconiosis is a neglected tropical disease caused by long-term barefoot exposure to volcanic clay soil. Our previous qualitative research identified various domains of beliefs about the causes of podoconiosis held by members of the community. This cross-sectional survey, conducted in southern Ethiopia, aimed to quantitatively evaluate the prevalence of these beliefs and to assess their association with observed shoe-wearing behavior. A total of 1,800 adult respondents (600 from affected families and 1,200 from unaffected families of an index child aged between 3 and 6 years) took part in the survey. Two standardized versions of an enumerator-administered survey were created, with "all day, everyday" shoe-wearing status of the index child assessed in parallel for the affected and unaffected household respondents. Associations between measures were assessed using logistic regression. Accuracy of understanding about podoconiosis was significantly lower among respondents from unaffected than affected households (P < 0.001). Among affected respondents, beliefs about heredity were negatively associated with reported shoe wearing of the index child (odds ratio = 0.67, 95% confidence interval = 0.55-0.83). In both groups, associations of causal beliefs with shoe wearing were moderated by risk perceptions. Interventions aimed at preventing podoconiosis and improving shoe wearing should consider family-oriented education on hereditary susceptibility that targets affected and unaffected families in resource-limited settings.
INTRODUCTION
Numerous studies conducted in low-and middle-income countries (LMICs) have shown the importance of considering target groups' beliefs about the causes of disease when designing efficacious public health interventions. 1, 2 For example, studies of malaria prevention, maternal and child health, and neglected tropical diseases all show that uptake of preventive practices are challenged by low levels of understanding and misconceptions about the causes of these conditions. [3] [4] [5] Research in LMICs has shown that even when interventions and therapies are accessible, some populations do not effectively implement these strategies, in part due to their misunderstanding of disease causes. 6 In these populations, research has documented limited knowledge and misconceptions about how diseases are transmitted. Beliefs that diseases run "in the blood" or are inherited have been reported in diverse cultural settings for an array of disease conditions. [7] [8] [9] While in some cases, these conditions are indeed influenced by genetic susceptibility, low literacy and poor understanding of gene-environment interactions compounded with cultural beliefs can result in fatalistic perceptions that these conditions are unavoidable. Such beliefs may lead to stigma and diminish motivation to adopt risk-reducing behaviors.
Some studies suggest a positive association between risk perceptions and adoption of preventive behaviors. Research on onchocerciasis in Ethiopia and Uganda has shown a positive association between compliance with treatment and perceived risk of the condition. [10] [11] [12] [13] [14] However, other studies have not found risk perceptions to be associated with motivation or adoption of preventive behaviors. 15, 16 The research described in this report was conducted in rural southern Ethiopia, in a location in which podoconiosis is endemic. Podoconiosis is a noninfectious form of lymphedema (leg swelling) that arises due to the joint contributions of genetic and environmental factors among susceptible people who have long-term barefoot exposure to irritant tropical soils. [17] [18] [19] [20] It is a chronic, progressive, and disabling disease clinically distinguished from lymphatic filariasis through exclusively affecting the lower limbs and usually causing bilateral and asymmetrical lymphedema. 21 Evidence suggests that mineral particles in red clay soils are absorbed through the skin of the foot and engulfed by macrophages in the lower limb lymphatic system, inducing an inflammatory response in the lymphatic vessels, which results in fibrosis and obstruction of the vessel lumen. 21, 22 This situation leads to a progressive bilateral swelling of the lower legs. Affected individuals can develop disfiguring symptoms, such as nodular skin changes, a mossy appearance around the base of the foot, or foul-smelling wounds. 17, 20 Recent evidence suggests that heightened susceptibility to soil exposure clusters in families, with heritability estimated at 63%. 19 Siblings of patients have a five times higher risk of developing podoconiosis than people in general. 19 A recent study, using a genome-wide approach, found an association of podoconiosis with genetic variants in the human leukocyte antigen class II locus suggesting susceptibility to podoconiosis. 23 However, the disease is considered to be entirely preventable if genetically high-risk individuals consistently protect their feet from exposure to irritant particles by wearing shoes starting at a young age. 17, 19 Recent evidence indicates that shoe-wearing prevalence is low and inconsistent. 24 In our previous qualitative research, we identified three domains of beliefs about the causes of podoconiosis wrongly held by members of the community. 25 others did not-leading them to conclude that the condition was contagious and not caused by heredity. A third group thought these observations meant that multiple causes including heredity and environmental influences caused the condition. In turn, these beliefs were associated with whether community members thought shoe wearing was or was not important as a strategy to prevent podoconiosis. Participants who believed the condition to be inevitable were less inclined to consider shoe wearing to be important. Finally, those who believed the condition to be contagious were concerned about shoes as a means of transmitting the condition.
The purpose of this report is to quantitatively evaluate the prevalence of each of these beliefs and to assess their association with observed shoe-wearing behavior in a large crosssectional survey. Specifically, we address three questions:
1) How common are the previously identified beliefs and misconceptions about causes of podoconiosis in a representative sample of people from communities in which the disease is endemic? 2) Are beliefs about the causes of podoconiosis (inherited versus contagious) associated with decreased perceptions that it can be prevented, decreased perceptions that shoe wearing is important, or decreased shoe-wearing behavior? 3) Are the associations of beliefs with shoe-wearing behavior moderated by perceptions of risk for podoconiosis?
MATERIALS AND METHODS
Study setting and participants. The survey was conducted in 2013 in six rural communities in Wolaita zone, southern Ethiopia, and formed the baseline assessment for a subsequent intervention trial. Ethical clearance was obtained for all study procedures from the Institutional Review Board of the College of Health Sciences, Addis Ababa University, and the National Human Genome Research Institute.
The communities were selected from 15 clinic sites in which Mossy Foot International (MFI) was operating. MFI is a nongovernment organization that has engaged in podoconiosis treatment and prevention in Wolaita zone since 1996. The 15 clinic sites cover all the districts in Wolaita zone. Six communities were selected based on the number of affected families registered at the clinic and their distance from the zonal capital, Wolaita Sodo. As the communities in the zone are relatively homogeneous in sociocultural, religious, and geographic settings, distance from the capital was taken as the criterion for the selection of these communities. Three sites were relatively close (≤ 25 km), whereas three were more distant (≥ 50 km).
A total of 1,800 participants took part in the surveys, 300 at each site, of which 100 were from affected families and 200 from unaffected families. Affected households were identified from MFI's shoe distribution ledgers. The ledgers served as a sampling frame of affected households from which a random sample of children aged 3-6 years were identified. Where more than one age-eligible child was present, the child with the "next birthday" was selected as the "index child" for the caregiver to consider when answering survey questions. This age group was chosen because the study intended to measure parents' understanding of the importance of consistent shoe wearing from the age at which most children start activities leading to significant soil exposure.
Two neighboring unaffected households were identified for each affected household. The neighboring households were selected on the basis that: 1) no one in the neighboring household was a blood relative of anyone living in the corresponding affected household; 2) neither caregiver in the neighboring household was a first degree relative of an individual with podoconiosis; 3) the neighboring household included at least one child in the age group 3-6 years; 4) the neighboring household was within 500-m radius of the affected household selected; and 5) an adult in the neighboring household agreed to participate in the study.
Data collection. Three data collectors with a minimum of high school education and a good command of the local language were recruited from each of the six selected sites. They underwent training for 3 days and learned to conduct household enumeration and survey assessment. Data collectors visited identified households and obtained oral and written consent from caregivers. From each household, one caregiver who spent the "most time with the index child and knew the child's daily habits the best" was asked to complete the baseline survey with the index child in mind. Data collectors administered the survey to the participants. The baseline data collection was carried out over 15 days in each of the six sites in February 2013.
Survey instruments. Two versions of the survey were created, with measures assessed in parallel for the affected and unaffected household participants. The survey included questions assessing the participant's age, education and gender, their beliefs about the preventability of podoconiosis, their confidence to ensure that the index child wore shoes consistently, their knowledge and attitudes about the importance of the index child wearing shoes, and their reports of the child's frequency of shoe wearing.
Measures. Three categories of beliefs were assessed: endorsement that podoconiosis is caused by "heredity," by "contagion," or "holding both beliefs equally." Three statements were posed about heredity (e.g., "If there's podoconiosis in the family, there is nothing that can be done to prevent the disease"; agreement with each statement was summed and ranged from 0 to 3). Two statements assessed beliefs about contagion as a cause of podoconiosis (e.g., "Podoconiosis is contagious," summed agreement ranged from 0 to 2). In addition, we coded each of the five statements as "true" (1) or "false" (0) to compute accuracy of understanding which ranged from 0 to 5. Perceived risk for the index child was assessed based on the level of agreement with the statement "It is likely that index child will eventually develop podoconiosis in his/her lifetime" (yes versus no). "All day every day" shoe wearing was based on responses to two items assessing the number of days and daily duration of shoe wearing by the index child in the past 7 days. This variable was dichotomized with 0 indicating no use of shoes or response less than shoe wearing for the whole duration of every day and 1 indicating shoe wearing every day for the duration of the whole day.
Data analysis. Data entry and cleaning was done by a qualified consultant using EPI Info software, and then reviewed and cross-checked by data analysts. Associations between measures were assessed using logistic regression models. To test for differences between affected and unaffected households on accuracy of understanding of the causes of podoconiosis and perception that the index child was at risk, a t test and a χ 2 test were used, respectively. Grouping affected and unaffected households separately. Logistic regression models were used to test associations of beliefs about the causes of podoconiosis with shoe wearing after adjusting for gender of respondent, gender of child, and an indicator of whether the respondent had attended school. To test whether risk perceptions moderated relationships between causal beliefs and shoe wearing, interaction terms were added to logistic regression models.
RESULTS
Sample characteristics. Of the 1,800 participants (600 from affected households and 1,200 from unaffected) approached, 1,784 (596 affected [99.3%] and 1,188 unaffected [99%]) completed the baseline survey (giving an overall response rate of 99.1%). The demographic and other descriptive characteristics of the study participants are shown in Table 1 . The majority of respondents were mothers of the index child. Males accounted for 15% and 13% of affected household and unaffected household respondents, respectively. However, the gender distribution of index children was nearly equal (50.3% male children and 49.7% female children in the affected households; 51.8% males and 48.2% females in the unaffected households, P = 0.57). The mean age of caregivers in affected households was 33.9 years (with a range 18-70 and standard deviation [SD] = 8.73 years) while that of unaffected household respondents was significantly lower at 31.3 years (ranging from 18-80, SD = 7.42, P < 0.001). Less than half (43.3%) of the affected household respondents and just over half (54.1%) of the unaffected household respondents had ever attended formal schooling. In both groups, the household size ranged from 2 to 12, with the mean size significantly higher in the affected households (6.4, SD = 1.93) than in unaffected households (5.8, SD = 1.73, P < 0.001). The mean proportion reporting "all day, every day" shoe wearing of the index child was significantly higher in affected households (31%) than in unaffected households (20%, P < 0.001).
Causal beliefs and risk perceptions related to podoconiosis. All causal beliefs were less strongly endorsed by affected house-hold respondents (mean scores for heredity: 1.31, SD = 0.9 and contagion: 1.27, SD = 0.75) than by unaffected household respondents (heredity: 1.85, SD = 0.92, and contagion: 1.67, SD = 0.54, P for both comparisons < 0.001). Thirty-two percent of the affected household respondents and 50% of the unaffected household respondents reported beliefs that both heredity and contagion could cause podoconiosis. The overall mean score for accuracy of these beliefs was relatively low for respondents from both affected and unaffected households (2.43, SD = 1.4 and 1.47, SD = 1.2; range = 0-5), but was significantly lower among the unaffected than the affected (P < 0.001). However, affected family respondents were less likely to perceive the index child to be at risk for podoconiosis than unaffected family respondents (37% versus 48%, respectively, P < 0.001).
Association of beliefs (heredity versus contagion) with perceptions that podoconiosis is preventable, shoe-wearing attitudes and behavior. The logistic regression analysis in Table 2 shows that among the affected household respondents, beliefs about heredity were negatively associated with reported shoe wearing of the index child (odds ratio [OR] = 0.67, 95% confidence interval [CI] = 0.55-0.83). Belief that podoconiosis was contagious or that both heredity and contagion were causes were not significantly associated with the index child's shoe wearing in the affected group (OR = 0.87, 95% CI = 0.68-1.11 and OR = 0.77, 95% CI = 0.52-1.14).
Among unaffected household respondents, a negative association was observed between beliefs in both heredity and contagion as a cause for podoconiosis and reported shoe wearing of the index child (OR = 0.74, 95% CI = 0.56-0.98). Beliefs in contagion or heredity alone were not associated significantly with the index child's shoe wearing in these households (OR = 0.85, 95% CI = 0.66-1.09 and OR = 0.95, 95% CI = 0.82-1.11).
Respondents' level of education was significantly associated with reported shoe wearing of the index child in both affected and unaffected groups. The higher the level of education of the respondent, the more likely the index child was to wear shoes "all day every day." Gender of respondents in both groups was associated with reported shoe wearing by the index child, with male caregivers being more likely to report children wearing shoes regularly than female caregivers (P < 0.001). In unaffected households, there was a significant difference in reported regular shoe wearing by gender of index child, with male index children more likely to be wearing shoes than female index children (P < 0.05).
Associations of beliefs with shoe-wearing behavior and risk perceptions. Interactions were tested to assess whether risk perceptions moderated the association of respondents' causal beliefs and index child's shoe wearing. Two significant interactions were observed for affected participants, as illustrated in Figures 1 and 2 . As affected household respondents' beliefs in contagion increased, the likelihood of shoe wearing by the index child also increased but only among respondents who perceived the index child to be at risk for podoconiosis ( Figure 1) .
Among affected household respondents, the association of beliefs about heredity with shoe wearing occurred only among those who perceived the child not to be at risk for podoconiosis ( Figure 2 ). This association was negative such that stronger beliefs in heredity resulted in less shoe wearing among those who perceived the index child to be at lower risk.
DISCUSSION
This study aimed to examine the prevalence of beliefs about podoconiosis and their association with reported shoe wearing in a large representative sample of community members. In addition, these results provide insight into how beliefs about the cause of podoconiosis are influenced by parents' perceived level of risk to their children in both affected and unaffected households. Consistent with our qualitative study, affected respondents were less likely to recognize heredity as a cause of podoconiosis than those who were not affected by the condition. 25 Beliefs about heredity were negatively associated with reported shoe wearing of the index child in affected households. When these beliefs were coded for accuracy, affected individuals were more accurate in their knowledge than unaffected respondents. Index children in affected households were significantly more likely to wear shoes "all day, every day" compared with children in unaffected households. Greater knowledge and more regular shoe wearing in affected households may reflect the decadelong community-based interventions run by MFI, which solely targets affected families with treatment and prevention. On the other hand, the low level of accuracy of knowledge and shoe-wearing practice in unaffected households suggests the importance of considering intervention approaches targeting both types of family for more sustainable outcomes in preventing podoconiosis.
Our findings also showed that beliefs in contagion were not associated with reported shoe wearing of the index child in either affected or unaffected families. Although contagion was considered to be a cause of podoconiosis by many respondents, little evidence was obtained that this influenced shoe wearing. This finding is in contrast to our previous qualitative study in which we found that those who believed podoconiosis to be contagious were concerned that shoes might transmit the condition. 25 We found that the caregiver's gender was significantly associated with reported shoe wearing by the index child. Female caregivers reported less regular shoe wearing among index children than male caregivers. In unaffected families only, there was a significant association between the gender of the index child and reported shoe wearing, with male children being more likely to wear shoes than female children. This finding is consistent with previous studies in podoconiosisendemic communities of Ethiopia 22, 26 in which more women were found to be barefoot than men, and women were wearing lower quality shoes than men. These gender differences may be attributed to deep-rooted social norms regarding women's dependence on men in making decisions in relation to resources. Both may exacerbate women's exposure to the irritant soil and hence their likelihood of developing the condition. Recent studies have suggested higher prevalence of podoconiosis among women than men, 27 which may reflect greater discrepancies in access to shoes by gender. The finding is also consistent with the results of the nationwide mapping in Ethiopia which showed higher proportions of men wearing shoes than women at the time of the interview. 24 Level of education was also associated with shoe wearing in both affected and unaffected groups. Although it is difficult to disentangle cause and effect, our earlier qualitative work suggested that shoes have social value and facilitate school attendance. 25 Alternatively, level of education might influence norms about shoe wearing and foot protection.
Affected respondents reported lower levels of perceived risk of podoconiosis for the index child than unaffected respondents. Because the study was cross-sectional, we cannot determine whether lower risk perceptions are a result of wearing shoes more frequently. However, among respondents in affected families, shoe wearing was not associated with accuracy of understanding of the role of hereditary susceptibility to soil. This may be because affected families are reluctant to acknowledge heredity and family history as possible causes of podoconiosis. In our previous qualitative study, we found that affected families downplayed heredity as a cause for podoconiosis due to fear of stigma. 25 This situation calls for sensitivity in designing programs that raise awareness of hereditary susceptibility in high-risk population. Some recent studies support the usefulness of family-oriented education with messages tailored to familial risks in resourcelimited communities. 28 Our findings also suggest that for affected households, the association of respondents' causal beliefs with child shoewearing behavior depended on whether the index child was perceived to be at risk for podoconiosis. Although beliefs about contagion were positively associated with shoe wearing when the child was perceived to be at risk, beliefs about heredity were negatively associated with shoe wearing when the child was perceived to be at risk. This finding suggests that respondents have misconceptions about the cause of podoconiosis. Risk perceptions have long been considered as critical in promoting health behaviors. 29 As noted earlier, MFI has worked for over a decade in affected communities to raise awareness that podoconiosis is preventable as a way of increasing preventive actions. However, in contexts typified by low literacy, the notion of preventability is likely to be strongly and negatively associated with perceiving heredity as a cause. Our prior study showed that genetic causal beliefs were relatively common in these communities. Our results suggest that the MFI messages in this context may be understood in a contradictory manner. The challenge is to help communities understand that heritability and preventability are not mutually exclusive concepts. Improving understanding of gene-by-environment contributions to disease risk must consider the low literacy of many LMIC contexts.
There are several limitations to this study. Firstly, our approach to interviewing the child's main caregiver meant that very few male respondents took part in the study. Secondly, this study was conducted in homogenous communities in southern Ethiopia and the results may not be generalizable to other settings. However, despite these limitations, the results provide empirical support for the associations of causal beliefs and risk perceptions with shoe wearing among a large sample of community members living in a low-income setting.
In conclusion, these findings suggest a number of directions for future interventions, including communication approaches to raise awareness of the role of heritability in disease development. Better understanding of causal beliefs may be important in improving prevention of neglected tropical diseases in communities with limited literacy. This study demonstrates the challenges of conceptualizing heritability and shows the importance of developing contextually sensitive educational programs with clear, simple messages on the joint role of gene and environment in podoconiosis. It also suggests the need for further inquiry into causal beliefs in diverse cultural settings to develop locally effective strategies to prevent podoconiosis.
